We describe the selection of a group of plasmids with potential to form Z-DNA, from libraries of Drosophila hydei nuclear DNA using anti Z-DNA monoclonal (22) or polyclonal (10c) antibodies. The supercoiled closed circular forms of most of the selected recombinant plasmids from the 10c Z-DNA library show affinity to the polyclonal 10c antibody as indicated by DNA binding assays. One of these plasmids, pF17, was selected for further study. The insert in this plasmid adopts the Z conformation at bacterial supercoiled density. Analysis of deletion plasmids indicates that a Zepitope is located within a short fragment of the insert in which 3 GC repetitions are found. The Drosophila DNA insert in pF17 hybridizes in situ with locus 4-75C1-2 of the polytene chromosomes, a locus whose transcriptional activity is developmentally regulated during the third instar.
the Drosophila inserts within plasmid pUC8 show a type of binding to anti Z-DNA antibodies similar to that of the synthetic pUC Z8 (31) . One of these sequences hybridizes in situ with subdivision 4-75C1-2 in the 4th polytene chromosome of D.hydei, known to be induced to high transcription before puparium formation and in vitro by the action of ecdysone (32) . That chromosomal subdivision shows a low level of Z-DNA antibody reactivity when it is in a resting non-induced state but the inmunofiuorescence increases when it is induced to puffing either in vivo or in vitro.
MATERIALS AND METHODS.
Construction of the plasmid library. The DNA was isolated from embryos as previously described (33) . The construction of the library was performed according to Thomae et al (31) . The DNA was digested with Sau 3A for 30 min at 37°C. The DNA between 500 and 300 nucleotides in length was inserted in the pUC8 vector. Selection of Z-DNA containing plasmids. 200 ng of plasmid DNA obtained from the library by the alkaline lysis method (34) in 30 ti\ of a buffer containing 50 mM tris-HCl pH8, EDTA 0.1 mM, and NaCl 50mM were incubated for 1 hr at 25 °C with 2 fig of polyclonal 10c or monoclonal Z22 anti Z-DNA antibodies. At the end of the incubation time 60 jtl of the same buffer were added to the reaction mixture (Hohseisel and Pohl; personal comunication). The solution was filtered through a HA-Millipore filter (45jtm pore size) under vacuum. The filter was then washed three times with 200 p\ of the same buffer. The DNA in the filter was recovered by incubation in 100 fi\ of 100 /tM EtBr for 5 min. The DNA in the buffer solution was precipitated with 2.5 vol of ethanol in the presence of 10 fig of E.coli t-RNA. JM83 cells were transformed with the precipitated DNA and the DNA from the resulting colonies was extracted as before. The selection procedure was repeated three times with each one of the antibodies. At the end of the selection procedure 2000 colorless colonies were obtained when the polyclonal antibody was used and 1200 with the monoclonal Z22. Blue colonies were not detected at that point. About 100 colonies were selected at random from the library obtained with the polyclonal antibody.
Screening of the Z-DNA containing plasmids.
The presence of potential Z-DNA forming inserts in the plasmid vectors was examined by the gel electrophoresis DNA binding assay method (35, 36) , with modifications. 1 pg of each one of the recombinant plasmids was incubated with 0.2 pg of the polyclonal anti Z-DNA antibody in 10 /tl of lOmM Tris HC1 pH 7.4; 50mM NaCl; 10 mM MgSO4; 1 mM DTT at 37°C for 1/2 hr. At the end of the incubation period, glutaraldehide in Na cacodilate buffer was added to the DNA solution to a final concentration of 0.1 % and incubated at 37°C for 1/2 hr. The percent of covalently closed circular forms (ccc) bound to the antibody was estimated by scanning cytophotometry of ethidium bromide stained gels (6) .
Construction of deletion plasmids.
Exonuclease III and Mung Bean nucleases were used as previously described (37) . Five /xg of pF17 DNA were cut with Sal I and Pst I. Exonuclease HI was used at a concentration of 30 U/jig DNA in a volume of 50 pi.
DNA sequencing.
The DNA in double stranded form inserted into pUC8 was sequenced by the chain termination method (38) as described by Korneluk et al., (39) with the modifications introduced by Haltiner (40) . Both strands were sequenced.
In situ hybridization
The chromosomes were denatured by heat (20s at 90°C) or in 0.07 M NaOH for 3 min. Afterwards the chromosomes were extensively rinsed in cold 70% ethanol and 100% ethanol. The hibridization reaction was carried out at 65°C for 12 hrs in 10 pi of lOmM pipes pH 6.8, 0.5M NaCl, 6.6% dextran sulphate containing 400.000 cpm 3 H DNA per slide, labeled by nick translation.
Immunofluorescence of Z-DNA.
The glands were explanted in saline medium, incubated for 1 min in 0.01 M PBS-150mM NaCl in the presence of 1 % formaldehide, fixed in 50% acetic acid for 5 min and squashed in that medium. The chromosomes were incubated for 30 min with 10 pi of a goat polyclonal anti-Z-DNA IgG at a dilution of 1:40 in PBS (stock solution 0.05 jtg protein//tl; 41). The chromosomes were then washed in PBS and incubated for 1 hr with a FITC-labelled rabbit anti-goat IgG. Control experiments done by incubation of the chromosomes with noninmmune serum showed no fluorescence.
RESULTS.
Z-DNA forming sequences. Fig 1 shows an assay of the effect of the binding of polyclonal anti Z-DNA on the electrophoretic mobility of the DNA from several plasmids selected at random from a Drosophila plasmid library. 100 plasmids have been analyzed. The DNA from the synthethic Z-DNA-forming plasmid pUC Z8 containing a (dC-dG)16 fragment (31) and from pUC 8 is included for comparision. It was observed that while the electrophoretic mobility of the covalently circular closed (ccc) forms of pUC 8, at the plasmid DNA/anti Z-DNA IgG ratio used, is very weakly or not affected at all by the antibody (lane lb), the relative mobility of the ccc forms of pUC Z8 complexed with the antibody (lane 2b) is reduced when compared with that of the ccc forms which were not incubated with the antibody (lc y 2c respectively).
As expected, die electrophoretic mobility of the open circular forms of all these plasmids is not affected by die antibodies. Fig. 1 also shows that the relative mobility of the monomeric ccc forms of the recombinant plasmids is affected by incubation with die antibody to different degrees as shown by me density and length of the smear formed (lanes 2b to lib). This may be the result of the spectrum of topoisomers present, only some of which are sufficiendy supercoiled to induce the Z conformation in the insert. The antibody binds more strongly to the dimeric closed circular forms of all recombinant plasmids. This binding is superior to that of me dimer ccc forms of pUC 8. In 75% of the plasmids more than 20% of die total monomeric ccc forms were retained by die antibody. In 5 out of 100 plasmids analyzed, the proportion of ccc DNA forms bound to die IgG was less man 20%. Only two of die plasmids, pF17 and pF18 (lanes 2 and 3), showed an extent of binding similar to that of pUC Z8. Aproximately 80% of the ccc monomeric forms of diese plasmids were consistendy bound by die antibody, while all of die dimer ccc forms were bound. Thus, we diink that in pF17 and pF18, most of die ccc forms adopt a stable conformation at natural supercoil density. We selected pF17 for further studies. Analysis of the DNA Sequence in pFl 7. Z-DNA epitope. Fig. 2 shows die nucleotide sequence of the insert in pF17. Based on a G+C analysis, diree different domains can be identified. The first domain, formed by GC, CC and GG clusters, extends from nucleotide 1 to 93 and it is 69% GC rich. The second, from nucleotide 94 to 241 with large A, T and TA rich clusters, is drastically different from the previous one, being 33% GC rich. The third domain has an AT/GC ratio of 1. Wim regard to Z-DNA formation, the most interesting features of the first domain are a (GC)3 sequence (nucleotides 42 to 47) and a pur.pyr alternation betwen nucleotides 8 and 13. Widiin this domain six CTCGC direct repeats can also be observed, one 5' and five 3' to die GC cluster. The 3' CTCGC sequences form 2 clusters of overlapping repetitions. Similar repeats can also been detected if the DNA is read in the 3' -5' orientation. The largest alternating purine-pyrimidine cluster is found in the third domain betwen nucleotides 259 and 268. Although perfectly alternating purine-pyrimidine stretches are not required for B-Z transitions (42, 43) we tentatively expected mat the DNA sequence which could form the Z-DNA epitope would be located either in the first or diird domain or in both. Deletion plasmids. In order to determine wich region or regions of pF17 are involved in anti Z-DNA binding, we have generated a group of plasmids by progressive shortening of the pF17 insert. We dien selected diose which included eidier several nucleotides of the first domain containing one of me pur.pyr stretches, die first 67 nucleotides of die first domain, die first and second domains and the entire pF17. These plasmids were tested for dieir ability to bind anti Z-DNA antibodies. Fig. 3 shows the length of each of die plasmids and the results of die binding to anti Z-DNA antibodies. The gel retardation assay indicates diat the monomeric ccc forms of die plasmid construct containing the first pur.pyr stretch (pF17dl512) do not significandy bind to anti Z-DNA antibodies but diat die ccc forms of die construct which includes the first 67 nucleotides of the first domain (pF17dl504) seem to have an affinity for the antibody similar to that of die entire pF17 and to diat of the syndiethic pUC Z8. This experiment indicates, therefore, that die first domain must have a Z-DNA epitope or Z-DNA enucleation site 3' to the pur.pyr sequence and mat it must be located betwen nucleotides 15 and 67. As expected, the construct containing the first and second domains (pF17dl505) showed antibody binding similar to that of the entire pF17. It must be noted that the diference in 7 nucleotides between pF17dl504 and pF17dl516 decreases the percentage of monomeric ccc forms bound to the Z-DNA antibodies in the second plasmid. The additional nucleotides in pF17dl504 are part of a sequence with mirror symmetry.
In situ Hybridization and Z-DNA detection.
We have localized the Drosophila sequence in pF17 on D.hydei polytene chromosomes by in situ hybridization. When the insert in pF17 was isolated, labelled by nick translation and hybridized in situ to heat denaturated chromosomes, we observed that the radioactivity labelled subregion 4-75C in subdivisions 1-2 of all chromosomes of the gland (fig.4) . No other chromosomal loci were consistently labelled even after exposure times of 8 to 12 weeks. This observation is in agreement with the finding that the insert in pF17 is located at a unique place in the D.Hydei genome as determined by Southerns (data not shown). The interesting aspect of the hybridization in situ of pF17 to subregion 4-75C1-2 is that the transcriptional activity of this subregion is developmentally regulated and that it forms a small puff very active in RNA synthesis before and during puparium formation (32) . An analysis of the chromosomal anti Z-DNA reactivity of locus 4-75C1-2 showed the existance of a very thin fluorescent band over that subregion in non induced state ( fig.  5C ) and that the reactivity significantly increased upon in vivo (third instar) (6) or in vitro induction by ecdysone ( fig.5B-A) . After induction, the anti Z-DNA reactivity at 4-75C1-2 was one of the highest of the whole chromosome set. A similar increase in Z-DNA reactivity after ecdysone induction was also observed in other hormone inducible subdivisions (6) . Fig.5 shows the Z-DNA reactivity behaviour of the ecdysone inducible locus 4-78B. Since the analysis of the anti Z-DNA reactivity was done in chromosomes prefixed in formaldehyde before the acetic acid squash, we think that the reactivity observed over the 4-75C1-2 locus, in either the resting or induced state, reflects the Z-conformation condition of the DNA in that locus in native conditions (41) . 
DISCUSSION
The results presented in this paper show the possibility of isolating native DNA sequences which have the potential of adopting the Z-DNA conformation at bacterial superhelical densities, by means of specific antibodies. It has been shown that it is possible to isolate Z-DNA forming sequences from the E.coli and mouse genomes using the Z D-ll monoclonal antibody (31). Our Z-DNA libraries were constructed using monoclonal (Z-22) and polyclonal (10c) antibodies. We think that selection by polyclonal antibodies may constitute the method of choice if one wants to isolate a wide range of Z-DNA forming sequences because a larger number of Z-DNA recombinant plasmids were selected by the polyclonal antibody than by the monoclonal one, when parallel experiments were carried out. Selective search of Z-DNA forming sequences could be carried out, moreover, by varying the DNA/antibody binding conditions.
The gel retardation assay indicates that we have isolated sequences with a wide range of Z-DNA forming potential because the degree of retardation in mobility was not the same in all the plasmids. Although only a small percent of a given Z-DNA recombinant plasmid binds to the antibody, the Z-DNA plasmid will still be selected during our screening. Only two plasmids showed a retardation in mobility similar to that of the synthetic positive control pUC Z8. Since in these plasmids most of the covalently closed circular (ccc) DNA forms are resolved as a single low migrating band after IgG binding, we think that most of the monomeric ccc molecules, at all levels of natural supercoil density, adopt a stable Z-DNA conformation or a conformation prone to be stabilized in Z-form by the antibody. On the other hand the electrophoretic migration of all the dimer ccc DNA forms of pF17 and pF18 and of a large proportion of most of the Z-DNA recombinant plasmids was affected by the antibody. It may be that in these forms most of the topoisomers adopt a stable Z-DNA conformation in addition to having two Z-epitopes. It is also likely to be due to the fact that both of the IgG antibody combining sites are able to find a Z-forming sequence in the dimer leading to cooperative binding. Hence a very little of the unbound dimer would be found in the gel.
The Exo HI plasmid deletion method used in this paper combined with the antibody binding assay is a powerful tool for determining the potential Z-DNA forming region in a natural DNA sequence. We think that this method will also allow the analysis of the influence of flanking nucleotides upon a Z-enucleation site. It has allowed us to identify a Z-epitope in pF17 betwen nucleotides 11 and 67. It should be pointed out, however, that the use of a single approach to the analysis of Z-DNA structures does not allow us to identify the nucleotides which undergo the B-Z transition nor to detect the alterations in DNA conformation exerted by Z-DNA upon neighboring sequences. We have observed, however, that the percentage of monomeric ccc forms bound to the Z-DNA antibodies is higher in pF17dl504 than in pF17dl516. Since pF17dl516 and pF17dl504 differ in only 7 nucleotides without a strict pur.pyr alternation, we think that specific sequences which per se are not expected to form a left-handed structure, may contribute to make the stable binding of the IgG to pF17dl504 less sensitive to variations in density of supercoiling. It has been indicated that only very short regions of alternating CG are necessary to effect the B to Z transition and that this conformational change can be transmitted through non-alternating regions. (44) . The fragment in which the Z-epitope is located contains not only a short GC cluster but a small region of quite strict pur.pyr alternations and four direct CTCGC repetitions. Since in addition to the potential Z-DNA epitope, pF17 contains overlapping repeats and a domain rich in A,T and TA clusters, we think that this DNA sequence may be a good candidate for the analysis of functions of DNA sequences which can adopt a variety of unusual DNA conformations.
The DNA insert within pF17 hybridizes in situ to the chromosomal subregion 4-75C1-2 in which also Z-DNA reactivity can be detected. The Z-DNA reactivity of the locus significantly increases following gene activation. It is known that transcription in subdivison 4-75C1-2 is developmentaly regulated by ecdysone during the late third instar (32). The reason why the level of Z-DNA reactivity in locus 4-75-C is higher upon gene activation than in resting state is not well understood. However, several explanations can be given: The already existing potential Z-DNA forming sequence may become more accesible to the antibody during puffing, a DNA binding protein may stabilize the Z-conformation and the high transcription occuring during puffing might actively supercoil the DNA and in turn increase the amount of Z-DNA. In fact, preliminary data indicate that large amounts of NHPs accumulate in locus 4-75C during puffing. It should be noted, on the other hand, that high levels of active transcription are not per se able to induce the Z-DNA conformation as it has been shown in the heat shock inducible locus 4-81C (6) .The location of the insert from pF17 in a single chromosomal subregion agrees with the fact that this DNA sequence is represented only once in the genome (data not shown). The presence of pur.pyr alternations, potential Z-DNA forming regions, have also been described upstream the transcription site of a gene located in the ecdysone inducible locus 74F in Drosophila melanogaster (45) .
An interesting feature of the sequence in pF17 insert is the existance of a 72% homology between the 17 first nucleotides with the putative ecdysone responsive element of the Hsp 27 gene in D.melanogaster (46) . It will be important to study whether the fragment from nucleotides 10 to 17 which has a complete homology with the righ half of the Hsp 27 ecdysone responsive element, shown to be sufficient for ecdysone activation and glucocorticoid receptor binding, is relevant for the ecdysone regulation of this locus. Thomas and Kiang (47) have recently sugested the involvement of DNA conformational polymorphism in regulation of gene expression because the increase in the affinity of estrogen receptors to the potential Z-DNA forming sequence poly(dA-dC).poly(dG-dT) is a result of the induction of its Z-DNA conformation. This suggestion is in agreement with our observation since the puffing activity of locus 4-75C1-2 is acompanied by an increase in its Z-DNA reactivity. We belive that the analysis of these questions in a native Z-DNA forming sequence located in a chromosomal locus whose activity is developmentally regulated, will contribute to shed further light on the biological function of B-Z transitions.
